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Although it is well recognized that lipids play an important role in providing the structural barriers that delineate the cell and its various organelles, accumulating evidence also points to the critical involvement of lipids in cell signaling. Unlike some signaling molecules, however, an understanding of lipids as signals must take into account the additional intricacy afforded by the fact that many lipid signals can be interconverted. For example, diacylglycerol (DAG), a lipid known to activate enzymes such as protein kinases and guanine nucleotide exchange factors, can be phosphorylated by diacylglycerol kinase to yield phosphatidic acid (PA), which has its own effector enzymes ( Figure 1 ).
Similarly, PA can be dephosphorylated to produce DAG via PA phosphohydrolases (such as lipin-1).
This complexity can also make difficult attempts to understand which lipids are responsible for a particular cell response. However, with the identification and cloning of many of the gene products catalyzing these interconversion reactions, it has become possible to increase our understanding of the complicated lipid signaling mechanisms that underlie many cellular processes.
One such process is the differentiation of keratinocytes that comprise the predominant cell of the epidermis of the skin. The epidermis is a stratified squamous epithelium that delineates and separates an organism from the external environment. Its major function is to serve as a barrier, both to prevent noxious stimuli such as microorganisms from gaining access to the internal milieu and to inhibit the loss of precious body components, such as water, to the outside. Indeed, the water permeability barrier provided by the epidermis is necessary for successful terrestrial existence. Basal keratinocytes sit on the basement membrane at the epidermal junction with the underlying dermal connective tissue compartment and continuously proliferate to replace cells that are damaged, injured or sloughed to the environment. These cells also express the immature keratins, keratin 5 and 14 that characterize them to be of epidermal origin. Cells from this basal layer move up into the next (spinous) layer where they become growth arrested and begin to express markers of keratinocyte differentiation, including the One signaling system that is known to be involved in regulating keratinocyte differentiation is the family of acidic phospholipid-requiring protein kinase C isoenzymes. This family is subdivided into three subtypes: the classical PKCs, PKC-α, -βI and -βII and -γ, which in addition to their dependence on acidic phospholipids are also activated by DAG and calcium; the novel isoforms that are activated by DAG but are insensitive to calcium (PKC-δ, -ε, -η and -θ): and the atypical PKCs that require acidic phospholipid but are not sensitive to either DAG or calcium (PKC-λ/ι and -ζ). Various investigators have studied the roles of PKC isoforms in keratinocyte proliferation and differentiation and data suggest an involvement of multiple isoenzymes in these processes [reviewed in (3) ]. For example, PKC-α has been shown to be important for growth arrest and early differentiation [reviewed in (4) ]; in addition, this isoform is expressed in early spinous keratinocytes where it is active (5). Nevertheless, the mechanism by which PKC-α activity is regulated is unclear. As a conventional isoform with sensitivity to calcium, were not addressed in this study. Lipin-1 is the first step in the synthesis of TAG and some phospholipids (PC and PE). The neutral lipid TAG has recently been found to play an important role in skin, with defects in certain genes involved in its biosynthesis involved in an ichthyosis skin phenotype [reviewed in (9) ]. Similarly, Elder and colleagues have observed an association between decreased expression of lipid biosynthesis-related genes and psoriasis (10) . Furthermore, the phospholipid PC is the substrate of phospholipase D (PLD), a lipid-metabolizing enzyme that produces the PA that can be acted upon by lipin-1 to generate DAG. PLD has also been shown to be involved in regulating keratinocyte differentiation (11, 12) . Finally, lipin-1 has also been demonstrated to act as a transcriptional coactivator together with peroxisome proliferator-activated receptor gamma coactivator 1-alpha (PGC-1α) and peroxisome proliferator-activated receptor-alpha (PPARα) to regulate the expression of multiple genes involved in lipid homeostasis [reviewed in (13) ]. PPAR activity is known to be important in skin, with PPARα activation inhibiting inflammation in mouse models of irritant 
